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1.   Introduction
[bookmark: _Hlk492027000]The Rel-17 work item for enhancements on MIMO for NR includes an objective to extend specification support for enhancements on multi-TRP/panel transmission. In RAN #86, the objectives were agreed to read as follows [1]:
Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

In this contribution, we focus on the first objective, which is to improve reliability and robustness for channels PDCCH, PUCCH, and PUSCH. 
2.    Discussion
In the next sub-sections, we discuss details related to multi-TRP and multi-panel based reliability enhancement related to PDCCH, PUCCH, and PUSCH. 
2.1	PDCCH enhancement with multi-TRP
The agreements (Annex I) in RAN1#102e regarding PDCCH enhancements with multi-TRP are capturing a large number of combination of proposals that may be adopted for PDCCH enhancement. For example, it is understood that combination from alternatives + options + multiplexing schemes + case would provide one possible PDCCH enhancement. One example would be that Alt 1-2 + option 2 + TDM + case 1. The number of possible solutions should be first narrow down not only by considering the simulation results but also considering the spec impact and RAN1 will not have sufficient time to introduce multiple schemes. 
· TCI framework 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively
· Alt 1-3: Two PDCCH candidates (Each set of PDCCH candidates in a corresponding SS set) within one CORESET with two active TCI states
· Alt 2: One SS set with 2 CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· Repetition modes
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
· Option 3 (multi-chance): Separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome.
· Multiplexing scheme 
· TDM: Two sets of symbols of the transmitted PDCCH / two non-overlapping (in time) transmitted PDCCH repetitions / non-overlapping (in time) multi-chance transmitted PDCCH are associated with different TCI states
· FDM: Two sets of REG bundles / CCEs of the transmitted PDCCH / two non-overlapping (in frequency) transmitted PDCCH repetitions / non-overlapping (in frequency) multi-chance transmitted PDCCH are associated with different TCI states
· SFN: PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH 
· Soft combining cases
· Case 1: Two candidates are explicitly linked together creating one PDCCH candidate (i.e. UE knows the linking before decoding) 								
Case 2: Two candidates are not explicitly linked together (i.e. UE does not know the linking before decoding)				

First, we try to check the feasibility of combinations considering TCI framework alternatives listed above, and possibilities are summarized in Table 2.1.1. Based on all the potential combinations of alternatives and options, we have to select few combinations (See the cells in Table 2.1.1 highlighted) : 
Table 2.1.1- CORESET/SS set potential combinations for Multi TCI state mapping
	Alt/Options
	Option 1
	Option 2
	Option 3
	TDM
	FDM 
	SFN
	Case 1
	 Case 2

	ALT 1-1
	Possible 
	 
	
	Some cases possible
	Possible 
	Some cases possible
	 
	 

	ALT 1-2
	 
	Possible 
	Possible 
	Possible 
	Possible 
	 
	Possible 
	Possible 

	ALT 1-3
	 
	Possible 
	Possible 
	Possible 
	May be
	 
	Possible 
	Possible 

	[bookmark: _Hlk53478301]ALT 2
	 
	Possible 
	Possible 
	Possible
	Maybe
	 
	Possible 
	Possible 

	ALT 3
	 
	Possible
	Possible
	Possible 
	Possible 
	Maybe
	Possible 
	Possible 


Note: TDM/FDM/SFN and Case1/2 columns consider a combination of (Alt+option), where if at least one Alt+option is feasible, it mentioned as ‘possible’. 
Next, we discuss our preferences for further discussion considering a limited number of combinations from the above table. 
· Alternative 1-1: 
As discussed in RAN1#102e, this alternative is a simpler version where only one PDCCH candidate is used to gain diversity benefits and two TCI states are used by the same PDCCH candidate, which should be activated per CORESET. The only possible way of transmitting PDCCH in terms of DCI is transmitting the same PDCCH candidate from 2 different TRPs with different CCEs or REG bundles (option 1). Figure 2.1.1 represents the proposed possible combinations to be considered with respect to Alt 1.1. 
[image: ]
Figure 2.1.1: Alternative 1-1 + FDM/TDM. SFN should be discussed in HST-SFN topic. 
Since we consider only one PDCCH, only option 1 where no repetition is applied, and the same coded bits is mapped to a set of CCEs REGs will be divided between 2 TRPs. Both FDM and TDM can be supported. However, Alt 1-1 + option 1 + TDM may have limited possibilities as it may require CORESET to be always 2 or 3 symbol long with certain restrictions on REG bundling. On the other hand, FDM scenario may be more flexible approach. 
Considering the mapping between two TCI states and interleaved CCE/ REG bundles in Alt 1-1, following adaptation can be applied to provide mapping. 
L(REG Bundle size)= 6, M(symbol) =1 
 i = 0, 1,…,, L-1
If we assume each TCI states can be assigned to half of the CCE REG bundles, 
-= 
= 48 REGs
[bookmark: _Hlk53565255]According to TS 38.211, 7.3.2.2. , The REG bundle i in each TCI state can be defined as REGs {iL , iL+1,…, iL + -1} and { iL +  , iL+ +1,…, iL +L-1} respectively  
Above adaptation enabling 2 activated TCI state per CORESET can be easier applied for non-interleaved CCEs use cases as well. 
Proposal 1.1: For multi-TRP PDCCH enhancement, consider Alt 1-1 + option 1 + FDM combination with higher priority for further down selection with other combinations.  
· If supported, further study mapping between two TCI states and REG bundles / CCEs of the transmitted PDCCH.
Alternative 1-2: 
In this alternative, two PDCCH candidates are within the same SS set and the SS set associated to a CORESET with two TCI states. Both option 2 and 3 are valid for this alternative (See Figure 2.1.2). With option 3, the network can play with different AL per TRP to schedule the same PDSCH/PUSCH/other. For option 2, repetitions shall be based on the same coded bits of DCI and should be using the same AL level. With option 2, if one TRP has weaker connections compared to the other TRP, the first TRP PDCCH transmission may not be useful, or AL determination at the network node will have to consider the weaker TRP connection towards the UE. On the other hand, option 2 still be beneficial in terms of soft combining gain across all AL levels, whereas option 3 soft combining options will be heavily depended on the AL levels and knowledge of PDCCH candidates carrying the same DCI scheduled towards the UE. Considering the lack of PDCCH reliability performance expected in option 3, we think that option 3 related enhancements shall be deprioritized. 
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Figure 2.1.2:Alternative 1-2 combinations.
Therefore, for alternative 1-2, we think option 2 shall be the main focus of the discussion. Here both TDM and FDM cases can be considered, but the use of FDM will have some flexibility concerns, so considering TDM approach shall be focused with higher priority. Also, when considering Alt 1-1 + option 2 + TDM, it is essential to consider a fixed period of such mapping to make sure that time-domain resource allocation reference can be derived regardless of which PDCCH is detected at the UE. Also, such a fixed(mini) period may also enable UE to understand which PDCCH transmissions can be soft combined or not (case 1). One possible example is provided in Figure 2.1.3. 
[image: ]
Figure 2.1.3: TDMed PDCCH repetition using activated TCI states of CORESET in different monitoring occasions of two slot period. 
As shown in Figure 2.1.3, consideration for soft combining requires that the UE PDCCH candidates can be either explicitly linked together (Case 1) or not linked together (Case 2). With the pre-defined rule (configuration) and a fixed period that repetition applies, the UE may know which candidates can be soft combined or not, and also each DCI (self decodability) can provide the same scheduling outcome. 
Proposal 1.2: For PDCCH reliability enhancement, support Alt 1-2 + option 2 + TDM combination with the following considerations, 
· Support activating two TCI states per CORESET
· Activated TCI states of the CORESET and monitoring occasions defined by the SSSs to that CORESET shall be mapped with a predefined rule or configuration by considering a fixed period.

Alternative 1-3: 
This alternative considers 2 (or more) sets of PDCCH candidates from 2 (or more) different SS sets located in the same CORESET with 2 activated TCI states. Here, each SS set can correspond to different TCI states of the same CORESET (which is not possible in NR Rel-15/16 SS association). In some sense, this is similar to the case where different SS sets are associated with different CORESETs (i.e. Alt 3), but with a lack of flexibility in Alt 1-3 when defining parameters per CORESET. Anyways, it seems possible to configure different SS sets and associated PDCCH candidates such that the UE knows SS sets and PDCCH candidates are linked together. PDCCH monitoring can be easily TDMed, but it is not fully clear how the FDM is supported without further restricting the use of CORESET resources per SS set. 
Regarding the applicability of option 1, 2, and 3, we think both option 2 and 3 may be appliable here. Similar to Alt 1-2, option 2 could be prioritized. However, it is not fully clear what additional benefit this would bring compared to the Alt 1-2, which seems to be a cleaner option that only deals within the SS sets to achieve a similar outcome. 
Proposal 1.3: For PDCCH reliability enhancement, Alt 1-3 related combinations shall not be considered further. 

Alternative 2
Here, one SS set is associated with 2 different CORESETs, which is different to Rel-15/16 SS and CORESET association where a SS set is associated with only one CORESET. This may create issues/limitations on how the CORESET resources are defined and procedures like CCE-to-REG mapping will also be impacted.  Also, the number of CORESETs are limited (max 3 CORESETs configuration for the UE for each BWP) and cannot flexibly decide which CORESETs are considered with the special SS set. Therefore, there are restrictions when supporting this alternative. 
Proposal 1.4: For PDCCH reliability enhancement, Alt 2 related combinations shall not be considered further. 

Alternative 3: 
This alternative considers two SS sets corresponding to two CORESETs, and link these two SS sets such that corresponding PDCCH candidates within two SS sets can support either option 2 and 3. Depending on how the CORESETs are allocated, this alternative can also be applicable for FDM and TDM. It may also be possible to map different PDCCH candidates within its SS set, where indexing candidates could be the same for PDCCH repetition but this depends on frequency allocation and size of CORESET. Therefore, there could be some limitations of using CORESETs in a more flexible manner. As in the case we discussed under Alt 1-2, we think option 2 comparing to option 3 should be prioritized due to its flexibility in terms of soft combining across all ALs. Given the limited concerns compared to the other alternatives, we are open to discuss more details about Alt.3 + option 2 + TDM combination.  
Proposal 1.5: For PDCCH reliability enhancement, consider Alt 3 + option 2 + TDM combination with higher priority for down selection with other combinations. 
· If supported, further study mechanism to enable linking between SS sets such that soft combining can be supported at the UE. 

2.2	PUCCH enhancement with multi-TRP
In RAN1#102e, the following was agreed regarding PUCCH enhancements with multi-TRP:
	Agreement
To enable TDMed PUCCH transmission with different beams, support configuring/activating of multiple PUCCH Spatial Relation Info. RAN1 shall further study the exact schemes considering the following aspects, 
· Method of configuration/activation of multiple spatial relation info
· Use of the same PUCCH resource or different PUCCH resource for PUCCH transmission 
· Mapping between PUCCH repetition/symbol and spatial relation info among multiple PUCCH repetitions / multiple PUCCH symbols.



With the existing PUCCH repetition operation (based on Rel-15), the UE uses a same PUCCH resource index for the repeated PUCCH transmissions across multiple slots, meaning that each of these transmissions has at least an equal number of RBs, the same number of consecutive symbols, etc. However, since our main target for the multi-TRP enhancements on PUCCH is to enable PUCCH repetition operation across TRPs/beams, such a homogenous resource allocation for the repeated PUCCHs may be far from optimal. To take full advantage of PUCCH repetition operation combined with TRP/beam diversity, the PUCCH allocation could be tuned differently depending on the TRP towards which or, more generally, the beam on which the PUCCH repetition(s) is transmitted.

Proposal 2.1: For TDMed multi-TRP PUCCH repetition, different PUCCH resource allocations shall be used to carry repetitions of UCI.   

Supporting different PUCCH resource allocation could be achieved by essentially using one of the following options: 
· Option 1: Provide the UE with two PUCCH resources instead of only one resource for the PUCCH repetition operation. This basically allows to have two resources/allocations for the same PUCCH repetition bundle, where the mapping of a resource to a repetition occasion depends on the associated beam/TRP. Note that we assume that having two different PUCCH resources will be sufficient for Rel-17 operation.
· Option 2: Use a single PUCCH resource for the repetition operation, but provide the UE with different parameter values, e.g. two numbers of symbols, for the PUCCH repetition operation. In this case, different values of this parameter are used for the same PUCCH repetition bundle, where the mapping of a parameter value to a repetition depends on the associated beam/TRP.

Although both options could somehow achieve similar tuning of resources, Option 1 is a more realistic option and is easier to specify as it would only require indicating an additional PUCCH resource. In addition, to enable beam diversity, in contrast to Option 2, Option 1 does not require associating one PUCCH resource with two spatial relation info. Hence, with Option 1, in terms of spatial relation info indication, the Rel-16 MAC CE format could be essentially reused as the network could already use this MAC CE to indicate/update the spatial relation info per PUCCH resource for multiple PUCCH resources at a time (if needed). Consequently, when indicated two PUCCH resources, the UE would already know the spatial relation info for each of the resources.

Observation 2.1: When two PUCCH resources are used for PUCCH repetition, enhancements on configuration/activation of multiple spatial relation info per PUCCH resource do not seem to be required. 

Based on the above observations, we propose the following:

Proposal 2.2: For Rel-17 M-TRP PUCCH repetition schemes, supporting two PUCCH resources should be sufficient. 

In the following, we discuss how to indicate two PUCCH resources for the same PUCCH repetition operation in case the UCI transmission has a corresponding PDCCH, as currently only a single PUCCH could be indicated. Specifically, if the PUCCH repetition operation is triggered by a PDCCH, then there is a need to indicate two PUCCH resources via DCI instead of a single resource. This could be essentially done using one of the following alternatives:
· Alt.1: the PRI (PUCCH resource indicator) field in DCI is used as a codepoint that indicates two PUCCH resources (instead of one) at a time. This alternative requires configuring, e.g. via RRC or MAC CE, PRIs each of which associated or pointing to two PUCCH resources.
· Alt.2: Add an explicit field in DCI so that a second PUCCH resource can be indicated, i.e. basically adding a second PRI field.

Alt.1 has the merit of not increasing the DL control overhead, however it may have reduced flexibility compared to Alt.2. On the other hand, Alt.2 increases the DL control overhead, nevertheless it allows better flexibility in choosing the PUCCH resources. We have a slight preference towards Alt.1 as it doesn’t lead to increasing the DL control overhead, particularly since this could impact the PDCCH reliability. 
Proposal 2.3: Study how to indicate two PUCCH resources at a time via DCI for the multi-TRP PUCCH repetition operation, considering mainly the following alternatives:
· Alt.1: PRI field in DCI is used as a codepoint that points to two PUCCH resources
· Alt.2: Introduce a DCI field to carry second PRI field to indicate the second PUCCH resource

Given that, for the multi-TRP PUCCH repetition operation, the UE is provided with two spatial relation info, the mapping between the PUCCH repetitions and the spatial relation info should be specified. Note that in case two PUCCH resources are used, each resource will have associated spatial relation info. In this case, the mapping between the PUCCH repetitions and the PUCCH resources is equivalent to the mapping between the PUCCH repetitions and the spatial relation info.
Observation 2.2: When two PUCCH resources are used for PUCCH repetition, the mapping between PUCCH repetition and spatial relation info is equivalent to the mapping between PUCCH repetition and PUCCH resource.
On how to define this mapping, one potential option is to configure the mapping pattern, such as cyclical or sequential mapping, via RRC similar to what is used in multi-TRP PDSCH scheme 4. And in the case where the UE has indicated two PUCCH resources, the UE applies the defined mapping pattern by starting e.g. with the first PUCCH resource and thus with its associated spatial relation info. An example of multi-TRP PUCCH repetition with such mapping is illustrated in the figure below.  


Figure 3: Example of multi-TRP PUCCH repetition operation with two PUCCH resources when sequential mapping is applied. 

Proposal 2.4: For the multi-TRP PUCCH repetition, the mapping between PUCCH repetition and spatial relation info (or PUCCH resource) shall be pre-configured to the UE via higher layer signaling. Mapping patterns may be defined similarly to the Rel-16 multi-TRP URLLC scheme 4 (cyclical, sequential patterns). 
Related to the power control enhancement for multi-TRP PUCCH repetition, the following related agreement was reached in RAN1#102e:
	Agreement 
For multi-TRP PUCCH transmission, further investigate required power control enhancement. 



Based on the existing procedures, beam-based power control for PUCCH could already be achieved. Specifically, some of the parameters that impact the power control for PUCCH transmission are provided as part of the spatial relation info, such as p0-PUCCH-Id, closedLoopIndex, and pucch-PathlossReferenceRS-Id. Hence, by providing the UE with two spatial relation info (i.e. by indicating two PUCCH resources), power control is at least partly adapted/tuned differently for different beams/TRPs. 

Observation 2.3: For multi-TRP PUCCH repetition operation, no potential changes are foreseen on the open-loop and closed power control mechanisms. 
However, still for the closed-loop power control, the TPC command is provided by the TPC field in DCI, and currently only one TPC command could be indicated in a UE-specific PDCCH. But this does not allow the network to fully adapt the power control operation for the different beams/TRPs. It is thus reasonable/beneficial to allow the network to have different TPC commands for transmissions/repetitions on different beams so that power control could be fully tuned/controlled differently for different beams/TRPs. To this end, two TPC commands would need to be indicated through DCI for the UE, where each TPC command is used for repetitions with a different PUCCH resource (if two PUCCH resources are used) or, more generally, with different spatial relation info. As this is currently not possible, it should be discussed how to indicate two TPC commands via one DCI for a given UE. We foresee mainly the following alternatives:
· Alt.1: The current TPC field in DCI is used/reinterpreted (e.g. as a codepoint) to indicate two TPC commands instead of only one. A variant of this alternative is to increase the size of the current TPC field by one bit to allow having eight instead of four possible combinations of TPC commands.
· Alt.2: A second TPC field is added in DCI. In this case, a separate two-bit TPC field needs to be added.  

Proposal 2.5: Study how to indicate two TPC commands via UE-specific PDCCH for multi-TRP PUCCH repetition operation, considering mainly the following alternatives: 
· Alt.1: The current TPC field in DCI is used to indicate two TPC commands instead of only one.
· A variant: increase the size of the TPC field by one bit to allow having eight instead of four possible combinations of TPC commands.
· Alt.2: A second TPC field is added in DCI.

The above discussion mainly focuses on the need to indicate two TPC commands in UE-specific PDCCH. It’s worth noting that TPC commands could also be carried jointly to multiple UEs using DCI format 2_2, where a closed-loop indicator is also provided (if the higher layer parameter twoPUCCH-PC-AdjustmentStates is configured). This is more conceived for configured PUCCH transmissions for which there is no dynamic DL assignment which can include the power control information for the PUCCH. Hence, it should also be discussed how to indicate for at least one UE two TPC commands via group common PDCCH for multi-TRP PUCCH repetition operation.   
Proposal 2.6: Study how to indicate for a UE two TPC commands via group common PDCCH for multi-TRP PUCCH repetition operation. 
Next, we discuss intra-slot PUCCH repetition, the indication of repetition, and allowing repetitions for PUCCH Format 0 and 2.
Another agreement from RAN1#102e is as follows:
	Agreement 
Support TDMed PUCCH scheme(s) to improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel. Study the following alternatives,
· Alt.1: supporting both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.
· Alt.2: supporting only inter-slot repetition
· Note1: It is not precluded to study the use of multiple PUCCH resources to repeat the same UCI in both inter-slot repetition and intra-slot repetition.  
· Note2: The alternatives are clarified as below,
· inter-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more slots carries a repetition of the UCI .
· intra-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more sub-slots carries a repetition of the UCI 
· intra-slot beam hopping: UCI is transmitted in one PUCCH resource in which different sets of symbols have different beams



Based on the outcome of RAN#89e, the following consensus was reached regarding the handling of overlapped objectives between different working groups (RP-202110): 
	· Handling of overlapped objectives involving Rel-17 feMIMO, Rel-17 IIoT/URLLC and Rel-17 Coverage Enhancements is to be discussed in RAN#90-e.
· Note: discussion in RAN1#103-e for each of the above items is based on the respective WID or SID. In particular, PUCCH aspects under feMIMO should focus on multi-TRP only.



As per RAN#89e guidance shown above, the discussions on the multi-TRP PUCCH repetition should focus on the multi-TRP aspects. Since the intra-slot/sub-slot PUCCH repetition and enabling repetition for PUCCH formats 0 and 2 are more eURLLC/IIoT related aspects, it is better to wait for the outcome of the eURLLC discussions before any further related discussion in feMIMO/multi-TRP. Based on this, we propose the following:
Proposal 2.7: As per RAN#89e guidance, deprioritize multi-TRP intra-slot repetition and considerations of PUCCH format 0 and 2 until the Rel-17 eURLLC discussions support those features. 
On the issue of indication of umber of PUCCH repetitions, RAN1 agreed to the following, 
	Agreement
For configuration/indication of the number of PUCCH repetitions, RAN1 shall further study the following,  
· Alt.1: Use Rel-15 like framework
· Alt.2: Dynamic indication of the number of PUCCH repetitions 




As in the earlier scenario, a similar discussion may be carried out in Rel-17 eURLLC WI, and RAN1 shall not repeat the discussion in multiple places. Also, the dynamic repetition indication is not critical discussion point at this stage of feMIMO and there is time that feMIMO WI can wait for any updates. Also, the Rel-15 method can still be used if the RAN1 is unable to decide on introducing dynamic indication of the number of repetitions. 
Proposal 2.8: For configuration/indication of the number of PUCCH repetitions, use Rel-15 like framework. RAN1 may further consider dynamic indication of the number of repetitions depending on the Rel-17 eURLLC WI discussion.  

2.3	PUSCH enhancement with multi-TRP
In this section, we discuss PUSCH related enhancements with multi-TRP techniques. The following was agreed in RAN1#102e in this regard:
	Agreement 
For M-TRP PUSCH reliability enhancement, support single DCI based PUSCH transmission/repetition scheme(s). 
· Further study multi-DCI based PUSCH transmission/repetition scheme(s) to identify potential gains and required enhancements. 
· Note: This agreement does not reflect any prioritization of single DCI based PUSCH transmission/repetition over multi-DCI based PUSCH transmission/repetition. Ran1 can further discuss that in the next meeting.  



	Agreement 
For single DCI based M-TRP PUSCH reliability enhancement, support TDMed PUSCH repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
· Further study PUSCH transmission without repetition as a potential candidate M-TRP PUSCH scheme



	Agreement
To support single DCI based M-TRP PUSCH repetition scheme(s), up to two beams are supported. RAN1 shall further study the details considering, 
1. Codebook based and non-codebook based PUSCH  
2. Enhancements on SRI/TPMI/power control parameters/any other 
Note1: Companies are encouraged to provide additional details on how above enhancements are applied to different PUSCH repetitions (e.g. mapping between PUSCH repetitions and beams)
Note2: Studying enhancements/aspects related to TA is not precluded.



Based on the first two agreements above, at least single DCI based multi-TRP PUSCH repetition schemes considering both PUSCH repetition Type A and B are supported. Also, these schemes have a stable design framework from Rel-16 where multi-TRP can be easily introduced. We think that schemes that mentioned as further study shall be considered when the gains are justified to be sufficient and also considering RAN1 allocated time for this topic. Therefore, the below discussion is mainly focusing on the remaining items for single DCI based PUSCH repetition schemes. 

For codebook-based DG PUSCH, the UE determines SRI and TPMI information (via Precoding information and number of layers) from the corresponding fields in DCI. The SRI basically provides the UL beam information, and TPMI provides UL precoder information. To enable beam diversity for multi-TRP PUSCH repetition operation, as agreed in RAN1#102e, two UL beams are supported. This means that two SRI information would need to be indicated (instead of a single one). In addition, in a similar way to multi-TRP PUCCH repetition operation, it is generally beneficial to allow having different parameters for the two different beams/TRPs in order to adapt to their respective channels’ quality and characteristics. It could be then beneficial also to indicate two TPMIs instead of only one.   

For non-codebook-based DG PUSCH, in contrast to codebook-based mode, the UE determines its precoder and transmission rank based on downlink measurements. However, the UE selection of a precoder (and the number of layers) for each scheduled PUSCH may be modified by the network (in case multiple SRS resources are configured), basically by omitting some columns from the precoder that the UE has selected. This latter step is done by indicating, via SRI contained in DCI scheduling the PUSCH, a subset of the configured SRS resources. Therefore, in a similar way as explained for the codebook-based mode, there is a need to indicate two SRIs for non-codebook-based mode in order to enable diversity for multi-TRP PUSCH repetition operation for this mode.

For single DCI based multi-TRP PUSCH repetition operation, the existing DCI formats used for scheduling an uplink grant need to be enhanced in order to allow the indication of two SRIs. Similar observation for indicating two TPMIs using the same DCI could also be made. Put differently, there should be discussions on how to indicate at least two SRIs and two TPMIs using the same DCI.

Proposal 3.1: For multi-TRP PUSCH repetition operation with codebook-based mode, study how to indicate two SRIs and two TPMIs via a single DCI. 
Proposal 3.2: For multi-TRP PUSCH repetition operation with non-codebook-based mode, study how to indicate two SRIs via a single DCI.
On power control for PUSCH, for both codebook-based and non-codebook-based modes, similar observations and discussions as the PUCCH case could be given here as well. Specifically, beam-based power control for PUSCH is already possible, where each SRI information can already be associated with some parameters impacting the power control for PUSCH, such as sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, sri-PUSCH-ClosedLoopIndex. Hence, by providing the UE with two SRIs, power control is at least partly adapted/tuned differently for different beams/TRPs. On the other hand, for the TPC command, which is provided by the TPC field in DCI, currently only one command could be indicated at a time for a given UE. However, in a similar way to PUCCH, for the multi-TRP PUSCH repetition operation, it is reasonable to have two TPC commands indicated through DCI for the UE, where different TPC command is to be used for repetitions with a different spatial relation.

In a similar way to the discussions for PUCCH on how to indicate two TPC commands for a UE, we foresee mainly the following alternatives:
· Alt.1: The current TPC field in DCI is used (as a codepoint) to indicate two TPC commands instead of only one. A variant of this alternative is to increase the size of the current TPC field by one bit to allow having eight instead of four possible combinations of TPC commands.
· Alt.2: A second TPC field is added in DCI. In this case, a separate two-bit TPC field needs to be added.  

Proposal 3.3: For multi-TRP PUSCH repetition operation, study how to indicate for a UE two TPC commands via a single DCI, considering mainly the following alternatives:
· Alt.1: The current TPC field in DCI is used to indicate two TPC commands instead of only one.
· A variant: increase the size of the TPC field by one bit to allow having eight instead of four possible combinations of TPC commands.
· Alt.2: A second TPC field is added in DCI.

Another agreement from RAN1#102e is as follows:
	Agreement
On the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, further study the following, 
· For both PUSCH repetition Type A and B, how the beams are mapped to different PUSCH repetitions (or slots/frequency hops),
· Alt.1: cyclical mapping pattern (the first and second beam are applied to the first and second PUSCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.2: sequential mapping pattern (the first beam is applied to the first and second PUSCH repetitions, and the second beam is applied to the third and fourth PUSCH repetitions, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.3: Half-Half pattern (the first beam is applied to the first half of PUSCH repetitions, and the second beam is applied to the second half of PUSCH repetitions) 
· Alt.34: Other variants (e.g. configurable mapping patterns)
· Note1: For PUSCH repetition type B, the variants considering slot level beam mapping with the same mapping principals (replacing repetition with slot) in Alt.1/2/3 are also included. 
· Note2: For PUSCH repetition type A and B with frequency hopping, the variants considering frequency hop level beam mapping with the same mapping principals (replacing repetition with frequency hop) in Alt.1/2/3 can also be studied further. Final selection of such schemes also depends on the number of beams allowed per PUSCH repetition. 
· For PUSCH repetition Type B, which repetition type that the beams shall consider for the mapping,
· Alt.1: beams are mapped to the nominal repetitions
· Alt.2: beams are mapped to the actual repetitions
· Alt.3: beams are mapped to different slots (not in the granularity of actual/nominal repetition)
· Alt.4: Other variants
· Consider additional requirements on switching gap(s) between two PUSCH repetitions towards different TRPs considering beam switching latency aspects.
· Note: use of the above solutions to multi-DCI based PUSCH repetition and TDMed PUSCH transmission without repetition (when there are agreed to support) is not precluded. 



On accounting for beam switching gaps (mainly relevant for PUSCH repetition Type B)

For PUSCH repetition Type B, some of the actual PUSCH repetitions may be consecutive with zero time-gap in-between. Moreover, there are other actual repetitions where there is a time-gap in-between resulting essentially from PUSCH segmentation around semi-static DL symbols and invalid UL symbols (if feasible) and at the slot boundary.

Now considering the objective of Rel-17 in terms of enabling beam diversity for PUSCH, there will be cases where two consecutive PUSCH (Type B) repetitions are associated with a different UL beam (i.e. spatial relation or SRI). However, depending on the PUSCH allocation, the beam mapping to PUSCH repetitions, and the time needed to switch from one beam to another, there will be cases where the time gap between two repetitions is not enough for UL beam switching. This could be problematic as the UE would not have enough time to switch beams in some cases. Note that beam switching delay may depend on whether the concerned beams are from the same or different panels, and whether the panels are both already active or one needs to be activated. 

The issue described above is due to the fact that the time allocation of the existing PUSCH repetition operation(s), particularly PUSCH repetition Type B, does not account for beam switching delays. However, this issue needs to be addressed in order to enable PUSCH repetition along with beam diversity. One possible solution would be to configure or define the UE behaviours that allow updating actual PUSCH repetitions by muting some symbols if needed so that the required beam switching gap(s) is created to allow for beam switching. 

Obviously, the above discussion assumes that the UE and the network have a common understanding regarding the time gap/offset needed to switch from one UL beam to another. Such information could be signalled from the UE to the network, i.e. UE provides the network with its beam switching capability.

Based on the above observations, it should be discussed further how to enable UL beam diversity for multi-TRP PUSCH repetition operation, taking into account the beam switching delay(s)/gap(s).

Proposal 3.4: Consider the impact of beam switching gap(s) on actual PUSCH repetitions when the multi-TRP PUSCH type B repetition is applied. 
· FFS: Required UE behaviour when applying required switching gaps on actual PUSCH repetition(s)
· FFS: Knowledge of switching gaps of a beam pair at the network side.  

Beam mapping selection and indication

As can be seen from the agreement cited above, another open point for discussion is on how to map the UL beams to the different PUSCH repetitions, be it for PUSCH repetition Type A or PUSCH repetition Type B. 
In our view, the network must account for the number of PUSCH repetitions with resource allocation when selecting the beam mapping pattern. This is particularly relevant when considering PUSCH repetition Type B since, in contrast to PUSCH repetition Type A (i.e. Rel-15 inter-slot PUSCH repetition), the corresponding PUSCH time-domain allocation can be flexible. Configuring different mapping patterns for different PUSCH allocations gives the network better flexibility and control of several aspects. For instance, it allows the network to have good control over the number of PUSCH repetitions / which repetitions are transmitted towards each TRP. It also gives the network the possibility to choose, depending on the PUSCH allocation, a mapping pattern that leads ,e.g. to the minimum muting of symbols needed for beam switching gap (if such is needed); otherwise, the PUSCH reliability may be impacted.   

Further, for PUSCH repetition Type B, several alternatives were listed in the above agreement regarding whether the beam mapping pattern should apply on nominal repetitions, actual repetitions, or on different slots, etc. In our view, one flexible approach would be to have the possibility to configure a beam mapping pattern with any of those alternatives, i.e. a mapping pattern contains information on which alternative to apply. 

Proposal 3.5: For beam mapping pattern for multi-TRP PUSCH repetition, support configuring more than one beam mapping patterns and selecting a pattern via DCI. 


Enhancements for multi-TRP CG PUSCH 
Another agreement from RAN1#102e is as follows, covering configured grant PUSCH:
	Agreement 
Further study M-TRP CG PUSCH reliability enhancements in Rel-17. 



Since configured grant (CG) PUSCH is an important feature for URLLC, the enhancements for dynamic grant PUSCH should in principle be extended to cover configured grant PUSCH, where both CG Type 1 and CG Type 2 should be considered. 

For CG PUSCH, in Rel-15 NR the UE is either configured (RRC) or signaled (RRC + DCI) the UL TX beam that it then uses for CG PUSCH transmission(s). To reduce latency in beam switch for CG PUSCH, gNB may use Type 2 CG PUSCH and change the TX beam using SRI field signaled through new UL grant to the UE. However, during UE’s inactivity, the TX and RX beam pair may become blocked or outdated, e.g. due to UE’s movement and/or rotation. With the current procedures, the problem can be solved by sufficiently frequent beam-pair link measurements and reporting and, when needed, re-determining and signaling the CG PUSCH parameters to the UE. However, this may greatly increase the overhead and UE power consumption. 
Based on the above discussion, the following can be noted: 
· CG PUSCH provides low latency only if the UE has beam pair links already “in shape” when data arrives to buffer – also when UE has been inactive for a while. During the inactivity, UE may move or be blocked by the movement of other items causing a change in the suitable beam pair links, especially in the case of multi-TRP deployment. However, active maintenance of beam pair links requires frequent periodic measurements and reporting, creating unnecessary large overhead.
· It would be desirable that UE with CG PUSCH resource(s) can be as inactive as possible when it does not have data to transmit. This would save the network and UE battery from overhead.

Therefore, it would make sense to study and seek for a low overhead mechanism for the beam selection for multi-TRP CG PUSCH. That could potentially include e.g. UE’s autonomous selection and an indication of the UL TX beam for the coming CG PUSCH transmission(s). That would potentially require providing the UE with multiple CG PUSCH resources, each associated with a TX and RX beam pair in UL.
Proposal 3.6: Study low overhead mechanisms for the TX beam selection for multi-TRP CG PUSCH. 
[bookmark: _Hlk528168953]
3. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss first sub-objective of the multi-TRP/panel transmission. The following observations and proposals are made.
[bookmark: _GoBack]PDCCH enhancements
Proposal 1.1: For multi-TRP PDCCH enhancement, consider Alt 1-1 + option 1 + FDM combination with higher priority for further down selection with other combinations.  
· If supported, further study mapping between two TCI states and REG bundles / CCEs of the transmitted PDCCH.
Proposal 1.2: For PDCCH reliability enhancement, support Alt 1-2 + option 2 + TDM combination with the following considerations, 
· Support activating two TCI states per CORESET
· Activated TCI states of the CORESET and monitoring occasions defined by the SSSs to that CORESET shall be mapped with a predefined rule or configuration by considering a fixed period.

Proposal 1.3: For PDCCH reliability enhancement, Alt 1-3 related combinations shall not be considered further. 

Proposal 1.4: For PDCCH reliability enhancement, Alt 2 related combinations shall not be considered further.
 
Proposal 1.5: For PDCCH reliability enhancement, consider Alt 3 + option 2 + TDM combination with higher priority for down selection with other combinations. 
· If supported, further study mechanism to enable linking between SS sets such that soft combining can be supported at the UE. 

PUCCH enhancements
Proposal 2.1: For TDMed multi-TRP PUCCH repetition, different PUCCH resource allocations shall be used to carry repetitions of UCI.   

Observation 2.1: When two PUCCH resources are used for PUCCH repetition, enhancements on configuration/activation of multiple spatial relation info per PUCCH resource do not seem to be required. 

Proposal 2.2: For Rel-17 M-TRP PUCCH repetition schemes, supporting two PUCCH resources should be sufficient. 

Proposal 2.3: Study how to indicate two PUCCH resources at a time via DCI for the multi-TRP PUCCH repetition operation, considering mainly the following alternatives:
· Alt.1: PRI field in DCI is used as a codepoint that points to two PUCCH resources
· Alt.2: Introduce a DCI field to carry second PRI field to indicate the second PUCCH resource

Observation 2.2: When two PUCCH resources are used for PUCCH repetition, the mapping between PUCCH repetition and spatial relation info is equivalent to the mapping between PUCCH repetition and PUCCH resource.
Proposal 2.4: For the multi-TRP PUCCH repetition, the mapping between PUCCH repetition and spatial relation info (or PUCCH resource) shall be pre-configured to the UE via higher layer signaling. Mapping patterns may be defined similarly to the Rel-16 multi-TRP URLLC scheme 4 (cyclical, sequential patterns). 
Observation 2.3: For multi-TRP PUCCH repetition operation, no potential changes are foreseen on the open-loop and closed power control mechanisms. 
Proposal 2.5: Study how to indicate two TPC commands via UE-specific PDCCH for multi-TRP PUCCH repetition operation, considering mainly the following alternatives: 
· Alt.1: The current TPC field in DCI is used to indicate two TPC commands instead of only one.
· A variant: increase the size of the TPC field by one bit to allow having eight instead of four possible combinations of TPC commands.
· Alt.2: A second TPC field is added in DCI.

Proposal 2.6: Study how to indicate for a UE two TPC commands via group common PDCCH for multi-TRP PUCCH repetition operation. 
Proposal 2.7: As per RAN#89e guidance, deprioritize multi-TRP intra-slot repetition and considerations of PUCCH format 0 and 2 until the Rel-17 eURLLC discussions support those features. 
Proposal 2.8: For configuration/indication of the number of PUCCH repetitions, use Rel-15 like framework. RAN1 may further consider dynamic indication of the number of repetitions depending on the Rel-17 eURLLC WI discussion.  


PUSCH enhancements
Proposal 3.1: For multi-TRP PUSCH repetition operation with codebook-based mode, study how to indicate two SRIs and two TPMIs via a single DCI. 
Proposal 3.2: For multi-TRP PUSCH repetition operation with non-codebook-based mode, study how to indicate two SRIs via a single DCI.
Proposal 3.3: For multi-TRP PUSCH repetition operation, study how to indicate for a UE two TPC commands via a single DCI, considering mainly the following alternatives:
· Alt.1: The current TPC field in DCI is used to indicate two TPC commands instead of only one.
· A variant: increase the size of the TPC field by one bit to allow having eight instead of four possible combinations of TPC commands.
· Alt.2: A second TPC field is added in DCI.

Proposal 3.4: Consider the impact of beam switching gap(s) on actual PUSCH repetitions when the multi-TRP PUSCH type B repetition is applied. 
· FFS: Required UE behaviour when applying required switching gaps on actual PUSCH repetition(s)
· FFS: Knowledge of switching gaps of a beam pair at the network side.  

Proposal 3.5: For beam mapping pattern for multi-TRP PUSCH repetition, support configuring more than one beam mapping patterns and selecting a pattern via DCI. 

Proposal 3.6: Study low overhead mechanisms for the TX beam selection for multi-TRP CG PUSCH. 
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Annex I: Agreements related to PDCCH

Agreement
The following is agreed for evaluation of PDCCH
· According to the evaluation scenario (e.g., at FR1 in urban macro / at FR1 in indoor hotspot / at FR2 in indoor hotspot), one of three Tables (Table A.3-1 ~ A.3-3) of 38.824 can be a baseline of EVM for Rel-17 FeMIMO item 2a.
· System bandwidth other than those mentioned in the Tables can be considered and reported by the companies. 
· In addition, the following table is used for EVM for Rel-17 FeMIMO item 2a (Common assumptions for PDCCH/PUCCH/PUSCH)
	[bookmark: _Hlk49163453]Parameters
	Values

	The number of TRPs
	2

	Channel model
	TDL for FR1 (CDL for FR1 can be optionally used)
CDL for FR2 (TDL for FR2 can be optionally used)

	Path-loss modeling
	{0,3,6} dB gap between TRPs

	Blockage
	[bookmark: _Hlk49164794]Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.

	Target BLER
	[10^-3, 10^-4, 10^-5]: BLER values shown in plots should be based on enough number of samples, e.g., ~100/BLER samples


· The following table is used for detailed assumptions for PDCCH
	Parameters
	Values

	Baseline schemes
	Option 1: Rel-15 PDCCH
Option 2: Spec transparent SFN
For FR1: Both options 1 and 2 can be considered
For FR2: Option 1.

	AL
	8 as baseline. Companies are encouraged to simulate other AL’s additionally for different code rate regimes.

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs. 

	DCI payload
	40+24(CRC)=64 as baseline. Other payload values are not precluded. 

	CCE-to-REG mapping
	Both Interleaved and non-interleaved can be considered. Companies to report the assumptions including interleaverSize in the case of interleaved.

	REG bundling size
	6 and 2 as baseline.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle as baseline.
Closed-loop precoding can be used optionally

	Schemes
	Details of the schemes used (including TDM,FDM, etc.) to be reported by companies.

	Receiver assumption 
	Up to companies to report



Agreement
To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: One CORESET with two active TCI states
· Alt 2: One SS set associated with two different CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM/ SFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.
 
Agreement
For non-SFN based mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
· Study both intra-slot repetition and inter-slot repetition
· Option 3 (multi-chance): Separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome.
· Study both cases of DCIs in the same slot and DCIs in different slots
Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above.

Agreement
For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· TDM : Two sets of symbols of the transmitted PDCCH / two non-overlapping (in time) transmitted PDCCH repetitions / non-overlapping (in time) multi-chance transmitted PDCCH are associated with different TCI states
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· FDM : Two sets of REG bundles / CCEs of the transmitted PDCCH / two non-overlapping (in frequency) transmitted PDCCH repetitions / non-overlapping (in frequency) multi-chance transmitted PDCCH are associated with different TCI states
· SFN : PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH 
· Note: There is dependency between this scheme and AI 2d (HST-SFN)
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.

Agreement
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance
· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 
· The note is applicable also to other alternatives 
 
Agreement
For Alt 1-2/1-3/2/3, study the following
· Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding) 
· FFS: How the explicit linkage is derived/determined by the UE
· Case 2: Two (or more) PDCCH candidates are not explicitly linked together (UE does not know the linking before decoding) 
· FFS: How the UE knows the linkage after decoding 
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